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Introduction
The incidence of colorectal cancer (CRC) continues to 
increase dramatically, estimated by the World Health 
Organisation to soon exceed 3 million new cases annually 
[1]. Localised transcoelomic spread of malignant cells can 
lead to invasion of the submesothelial layer of the perito-
neum resulting in metastatic nodular deposits. These are 
termed colorectal peritoneal metastases (CRPM), present 
at initial diagnosis in 10–20% of patients and up to 20% 
of those who develop subsequent CRC recurrence [2, 3]. 
Over the last two decades, cytoreductive surgery (CRS) 
with heated intraperitoneal chemotherapy (HIPEC) 
has been well studied and its role firmly established as 
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Abstract
Background  Colorectal peritoneal metastases (CRPM) are present in 10–20% of patients at the time of their initial 
cancer diagnosis, and affects over 20% of those who develop colorectal cancer recurrence. Cytoreductive surgery 
(CRS) with HIPEC is firmly established as the optimal surgical treatment, but there is very little known about the 
benefit of repeat or iterative CRS. The aim of this review is to provide a systematic evaluation of the perioperative 
complications, survival outcomes and quality of life in patients undergoing repeat CRS with HIPEC for CRPM.

Methods  A systematic review of PubMed, Ovid MEDLINE, EMBASE, Scopus and Cochrane databases was performed 
to identify all studies that reported outcomes for repeat CRS with or without HIPEC for CRPM.

Results  Four hundred and ninety-three manuscripts were screened, and 15 retrospective studies were suitable for 
inclusion. Sample sizes ranged from 2 to 30 participants and comprised a total of 229 patients. HIPEC was used in all 
studies, but exact rates were not consistently stated. Perioperative morbidity was reported in four studies, between 
16.7% and 37.5%. Nine studies reported mortality rate which was consistently 0%. The median overall survival after 
repeat CRS ranged from 20 to 62.6 months. No studies provided quality of life metrics.

Conclusion  Repeat CRS for CRPM has perioperative morbidity and mortality rates comparable to initial CRS, and 
offers a potential survival benefit in selected patients. There is however limited high-quality data in the literature.
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optimal locoregional treatment of CRPM [4–6]. Com-
bined with systemic chemotherapy, patients undergo-
ing CRS and HIPEC can achieve a 3-survival rate of 
over 50%, and a median survival of 41 months. This is a 
radical improvement compared to the former treatment 
paradigm of systemic chemotherapy alone, which offered 
median survival of only 3–7 months [7–9]. 

Patients with peritoneal malignancy who develop 
recurrent abdominal disease will eventually succumb 
to pain, ascites, intestinal obstruction or enteric fistulae 
[10, 11]. Treatment is complicated by unique challenges 
which affect this cohort such as frequent malnutrition, 
prolonged chemotherapy regimens and management of 
extra-abdominal disease [12]. Repeat or iterative CRS 
refers to a subsequent surgical procedure to remove 
recurrent peritoneal disease in patients who have under-
gone initial CRS. The rationale for this approach is that 
reduction of tumour burden avoids complications of 
disease progression, improves quality of life and extends 
patient survival. The indications, outcomes and benefit of 
repeat CRS with or without HIPEC for recurrent perito-
neal disease has gradually become an area of increasing 
interest [13–15]. 

The existing literature examining repeat CRS has dem-
onstrated its safety, but is based on small heterogenous 
cohorts of peritoneal tumours – ovarian, colorectal, 
appendiceal pseudomyxoma peritonei or mesothelial 
– which is not accurately generalisable to patients with 
CRPM; each tumour has inherent biological and behav-
ioural differences [16–18]. Developing surgical treatment 
guidelines for recurrent CRPM, accurately balancing the 
potential risk-versus-benefit of repeat CRS, and optimis-
ing patient selection are therefore difficult to address due 
to the lack of high-quality evidence. We hypothesise that 
repeat CRS can offer valuable disease control and sur-
vival benefit, with acceptable morbidity and mortality 
rates. The aim of this review is to provide a systematic 
evaluation of survival outcomes, complications and qual-
ity of life indicators in patients undergoing repeat CRS 
with HIPEC for CRPM.

Methods
Literature search
We conducted a systematic review of the literature to 
identify studies which investigated the outcomes of 
repeat CRS in CRPM, in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [19]. A comprehensive 
search was conducted in the following electronic data-
bases: PubMed, Ovid MEDLINE, EMBASE, Scopus and 
Cochrane Central Register of Controlled trials. Individual 
search strategies were tailored to each database using the 
following Medical Subjects Headings (MeSH; in bold), 
Boolean operators (‘AND’, ‘OR’) and key terms:

1.	 Cytoreduction Surgical Procedures OR 
Peritonectomy OR Debulking surgery.

2.	 Hyperthermic Intraperitoneal Chemotherapy OR 
HIPEC OR Intraperitoneal chemotherapy.

3.	 Peritoneal Neoplasms OR Peritoneal metastases 
OR Peritoneal Carcinomatosis.

4.	 #1 OR #2 OR #3
5.	 Reoperation OR Secondary operation OR Iterative.
6.	 #4 AND #5

The search was performed without language or date 
restrictions to produce all publications up to November 
2023. To further identify possible studies, reference lists 
of identified systematic reviews and relevant articles were 
hand searched.

Inclusion and exclusion criteria
To be included, articles had to describe studies meeting 
the following criteria:

1.	 Adult patients (age > 18).
2.	 Participants underwent repeat/secondary 

cytoreductive surgery.
3.	 Report at least one of the following endpoints for 

CRPM: median or overall survival, disease-free 
survival, postoperative morbidity or mortality, or 
quality of life.

4.	 Published in a peer-reviewed journal.

Exclusion criteria were non-human studies, case reports 
(or subgroup of only one patient), letters, editorials, con-
ference abstracts, non-English publications, or studies 
that did not report sufficient CRPM data for extraction.

Quality assessment
The methodological quality of the studies was assessed 
using a modified Newcastle-Ottawa Scale (NOS) for 
observational studies. Studies with NOS scores of 7 were 
considered high quality [20]. 

Selection of papers
Manuscript assessment was performed independently 
by two reviewers (MS and NA) using a standardized, 
pre-piloted form. This included study design, inclu-
sion and exclusion criteria, baseline characteristics, pri-
mary or repeat cytoreductive procedures, and endpoint 
outcomes.

Data extraction and statistical analysis
Data extraction included PCI and CC score, follow-up 
duration, and outcomes: median or overall survival, dis-
ease-free survival, postoperative morbidity and mortality, 
or quality of life. Morbidity was defined using Clavien-
Dindo Classification [21] Grade III (requiring surgical, 
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endoscopic or radiological intervention) or Grade IV 
(requiring intensive care or organ support). Outcome 
data was recorded in its reported format of median 
(range), mean (standard deviation) or absolute per-
centages. If required, median survival was alternatively 
extrapolated from Kaplan-Meier survival curves. Data 
was also extracted on confounding variables such as adju-
vant or neoadjuvant chemotherapy, or other novel treat-
ments if reported. All statistical analysis was performed 
using SPSS version 24 (IBM, USA). A p-value < 0.05 was 
considered significant.

Ethical considerations
This study did not require ethics approval as it synthe-
sised published data. It was registered in the PROSPERO 
database.

Results
Study characteristics
After removal of duplicates, a total of 493 articles 
were retrieved from the database search including five 

additional references found through review of reference 
lists. A flowchart of the study selection is shown in Fig. 1. 
Once article abstracts were screened, 312 were excluded 
leaving 181 eligible. After full texts were assessed, an 
additional 166 were excluded including a multi-institu-
tional study to avoid reporting the same patients repeat-
edly [22]. Fifteen articles were therefore included in the 
analysis with a pooled total of 229 patients. Study sample 
sizes ranged from 2 to 30 participants. Only one study 
had a median/mean age above 60. Demographic informa-
tion is listed in Table 1.

Quality of included studies
There were no prospective or randomised studies, all 
were retrospective observational studies of fair quality 
(Supplementary Table 1). Eight of the studies exclusively 
evaluated CRPM patients, the other seven reported a het-
erogenous cohort of peritoneal tumours with subgroup 
analysis by primary tumour type. The exact duration of 
follow up was not frequently reported in the studies.

Fig. 1  PRISMA flowchart of study selection
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Perioperative outcomes
Perioperative data is summarised in Table 2. The median 
PCI score at repeat CRS procedure was reported in only 
five papers, ranging from 5 to 10. The use of HIPEC 

was described in all studies but the exact proportion 
of patients receiving it was only explicit in four stud-
ies: 28.6%, 72.2%, 94.4% and 100% respectively. Abil-
ity to achieve complete cytoreduction score 0 or 1 was 
reported in four studies, and two of these were 100%.

Morbidity defined as Clavien-Dindo Grade III or IV 
was reported in four studies ranging from 16.7 to 37.5%. 
Operative mortality rate was reported in nine studies, 
consistently 0%. The use of perioperative intraperitoneal 
chemotherapy or adjuvant chemotherapy was not uni-
formly described.

Survival outcomes
Choudry et al. [23] and Laks et al. [24] reported median 
disease-free survival of 9.1 months and 8.7 months 
respectively, and the remaining 13 studies reported over-
all survival which is summarised in Table 3. The longest 
median survival was 62.6 months (range 25.3–99.9) [18], 
and the shortest median survival was 20 months [15]. 

Quality of life outcomes
No studies provided data to evaluate patient quality of 
life following repeat CRS.

Discussion
Initiated by the work of Sugarbaker in the 1990s, there 
has been a paradigm shift over the last two decades 
towards more radical surgical management of CRPM. 
For patients with good performance status, initial CRS 
is the gold standard treatment to remove macroscopic 
tumour deposits [5, 6]. The peritoneal-plasma barrier 

Table 1  Characteristics of included studies
Author Year Study design CRPM specific Sample size Mean age (years) Males (%)
Portillaet al. [15] 1999 R Y 18 55.3 72.2
Glehenet al. [25] 2004 R Y 26 . .
Bijelicet al. [26] 2008 R Y 18 . .
Bretcha-Boixet al. [27] 2010 R Y 2 55.5∼ 40∼
Cashinet al. [28] 2012 R Y 8 . .
Votanopouloset al. [29] 2012 R N 4 46.4 (SD 11.1)∼ 43.5∼
Chuaet al. [30] 2013 R N 11 53 (R 19–79) m 49∼
Williamset al. [31] 2014 R Y 18 52.4 m 38.9
Choudryet al. [23] 2019 R N 29 52.2 (SD 10.6)∼ .
Jostet al. [32] 2020 R Y 9 47 33
Lakset al. [24] 2021 R Y 30 58.7 26.7
Paaschet al. [33] 2021 R N 7 58.1 42.9
Suttonet al. [18] 2021 R N 18 53 (R 44–63) m 94.4
Valenzuelaet al. [34] 2022 R N 16 52.6∼ 43.2∼
Pasqualet al. [35] 2023 R N 15 61.65 (SD 11.44)∼ .
CRPM = colorectal peritoneal metastases.

R = retrospective.

Y = yes, N = no.

∼ = of larger peritoneal malignancy cohort.

m = median instead of mean.

SD = standard deviation, R = range

Table 2  Perioperative outcomes of included studies
Author Median 

PCI
HIPEC 
used

CC 
0–1 
(%)

Mor-
bidity 
(%)

Mor-
tal-
ity 
(%)

Portillaet al. [15] . . 61.1 . 0
Glehenet al. [25] . . . . .
Bijelicet al. [26] . . 100 . .
Bretcha-Boixet al. [27] . 100 . . 0
Cashinet al. [28] . . . . 0
Votanopouloset al. [29] . . . . .
Chuaet al. [30] . . . . 0
Williamset al. [31] 5 (R 

1–13)
72.2 100 16.7 0

Choudryet al. [23] . . . . .
Jostet al. [32] 8 . . . 0
Lakset al. [24] 10 (R 

2–28)
. . 32.1 .

Paaschet al. [33] R 7–10 28.6 . . 0
Suttonet al. [18] 7 (R 

5–12)
94.4 83.3 22.2 0

Valenzuelaet al. [34] . . . 37.5 0
Pasqualet al. [35] . . . . .
PCI = peritoneal carcinomatosis index.

HIPEC = heated intraperitoneal chemotherapy.

CC = completeness of cytoreduction score.

R = range
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aids survival and growth of microscopic neoplastic cells, 
which poses an obstacle to systemic chemotherapy pen-
etration. The addition of HIPEC during CRS has recently 
been challenged by a randomised phase III trial, but 
nonetheless is commonly used to target this residual dis-
ease. Patients with CRPM are now experiencing dramati-
cally improved survival following initial CRS and HIPEC, 
over 50% remaining alive after 3 years post operatively 
[8, 36]. When combined with estimates that the global 
burden of CRC will increase by 63% over the coming 
two decades, it is expected that an increasing number of 
patients will live long enough to develop disease recur-
rence despite the use of adjuvant chemotherapy [1]. 

The optimal management of recurrent CRPM and role 
of repeat CRS has not been definitively established in 
any international guidelines due to the unclear benefit 
and limited data available. This review provides a much-
needed systematic assessment and up to date evaluation 
of the literature. Our results are based on a pooled total 
of 229 patients who underwent repeat CRS and HIPEC 
for CRPM, and supports the proposition that a valuable 
survival benefit is achievable. We propose that achieving 
a positive benefit of repeat CRS and HIPEC is challeng-
ing, but hinges on meticulous patient selection, cen-
tralisation to specialist peritoneal malignancy units, and 

coordination by an experienced surgical oncology multi-
disciplinary team.

Long-term survival following initial CRS and HIPEC 
for CRPM is negatively affected by high PCI score, 
incomplete cytoreduction, high tumour grade and poor 
performance status [27, 29]. A previous systematic 
review reported recurrent disease after initial CRS and 
HIPEC occurs in 22.5–82% of patients despite a majority 
receiving adjuvant treatment [37]. Importantly, disease 
free interval must be considered when assessing suitabil-
ity for repeat CRS and HIPEC. This is not only a measure 
of initial surgical success but also adds critically valu-
able prognostic information. Pragmatically this reflects 
aggressiveness of tumour biology, disease progression 
and response to treatment, which foretells trajectory of 
further radical treatment. Unlike those who present with 
an early recurrence, a longer disease-free interval after 
initial CRS and HIPEC has repeatedly been shown to 
independently predict longer survival following repeat 
CRS and HIPEC [23, 29, 30, 37]. This reiterates that 
patients with slow tumour progression are prime candi-
dates to benefit from repeat CRS and HIPEC.

Braam et al. [38] have shown in their 287 patient cohort 
that surgical treatment of CRC recurrence following ini-
tial CRS and HIPEC – which included liver resection, 
pulmonary resection or repeat CRS and HIPEC – pro-
vides significantly longer survival when compared to the 
only remaining alternative of palliative treatment, median 
of 42.9 months versus 11.8 months respectively. A key 
issue raised however is the potential hazards associated 
with perioperative morbidity and mortality of repeat 
CRS and HIPEC. Based on our results, the major com-
plication rate acceptably ranged from 16.7 to 37.5%, and 
mortality rate was 0%. Two of the four relevant studies 
in our review claimed 100% complete cytoreduction [26, 
31]. These risk-benefit figures are not only comparable to 
initial CRS and HIPEC, but also to a multi-institutional 
review of repeat CRS and HIPEC for CRPM; therefore 
this should not present a barrier to decision-making in 
patients with resectable intra- or extra-abdominal disease 
[22]. Furthermore, advances in surgical techniques and 
perioperative care will no doubt continue to make repeat 
CRS and HIPEC safer [23, 24]. 

The role of repeat CRS becomes clearer by evaluating 
alternative proactive approaches of managing CRPM – 
prior to the onset of signs and symptoms – which have 
so far have yielded mixed results. The COLOPEC ran-
domised trial investigated the use of oxaliplatin HIPEC 
in patients with T4 or perforated CRC, but this did not 
alter the rate of subsequent peritoneal metastases [39]. 
Another randomised trial PROPHYLOCHIP-PRODIGE 
15 assigned patients at risk of CRPM to either surveil-
lance or second-look surgery plus HIPEC (oxaliplatin or 
mitomycin C), but this also did not show a difference in 

Table 3  Long-term outcomes of included studies
Author Median DFS 

(months)
Median over-
all survival 
(months)

QOL 
out-
comes

Portillaet al. [15] 20 .
Glehenet al. [25] . 57.6 & .
Bijelicet al. [26] . 39 .
Bretcha-Boixet al. [27] . > 18 m .
Cashinet al. [28] 23 (R 9–98) .
Votanopouloset al. [29] . 55.7 (R 

0.3-110.2)
.

Chuaet al. [30] . 23 (R 
16.9–28.3)

.

Williamset al. [31] 22.6 .
Choudryet al. [23] 9.1 (R 

3.9–14.3)
. .

Jostet al. [32] . 40 m (SD 12) .
Lakset al. [24] 8.7 (R 

1.2–26.3)
. .

Paaschet al. [33] R 16–87 .
Suttonet al. [18] 62.6 (R 

25.3–99.9)
.

Valenzuelaet al. [34] . 40.1 .
Pasqualet al. [35] . 21 # .
DFS = disease free survival.

QOL = quality of life.

R = range.

m = mean, SD = standard deviation.

& = from initial CRS procedure.

# calculated using Kaplan-Meier survival analysis
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disease-free survival [40]. Most recently, the randomised 
HIPECT4 trial investigated the role of mitomycin C in T4 
colon tumours which did show a significant reduction in 
3-year peritoneal recurrence rates, but did not change 
disease free interval or overall survival [41]. Alongside 
surgical advances, oncological treatments may also allow 
more patients to benefit from repeat CRS and HIPEC. 
The use of neoadjuvant chemotherapy prior to initial CRS 
has been shown to improve 5-year survival for patients 
with low volume CRPM, which could be further evalu-
ated for a similar efficacy in repeat CRS procedures [42]. 
Additionally, emerging use of patient-derived tumour 
organoids as ex vivo models can preserve the original 
tumour microenvironment, act as biomarkers, and gen-
erate drug efficacy data to improve choice of HIPEC or 
adjuvant chemotherapy agents [43]. 

A significant strength of this review is the breadth 
of the systematic search strategy. This was utilised to 
capture outcome data for all peritoneal malignancy 
patients, then full-text manuscripts were manually evalu-
ated for explicit or subgroup data on CRPM. Several of 
the included manuscripts were identified in this man-
ner which may have been missed if the strategy focused 
only on CRC. This addressed one of the weaknesses 
of repeat CRS literature: CRPM should be viewed as a 
unique pathological entity, yet most of the survival data 
for published combines CRC with appendiceal or other 
peritoneal malignancy tumours. Such data is difficult 
to clinically apply, as unsurprisingly appendiceal and 
colorectal tumours behave differently and ultimately con-
fer differing prognoses [32, 44]. A further strength is our 
finding that no studies to date have reported on quality of 
life after repeat CRS for CRPM, which presents a focus of 
future research using validated tools such as the 15-item 
quality of recovery (QoR-15) scale [45]. This would reveal 
novel information on the patient-centred outcomes of 
repeat CRS.

This review is limited by the reliance on small retro-
spective cohorts. The rarity of this condition makes ran-
domised trials, or even true prospective studies, difficult 
to orchestrate [46]. Additionally, heterogeneity of data for 
the same outcome (for example, medians versus means 
versus range) resulted in only a descriptive evaluation 
of the included studies rather than a true pooled analy-
sis. Another limitation is the lack of data within studies 
regarding possible confounding variables, such as timing/
duration of systemic treatment regimes, clinicopatholog-
ical features, serum tumour markers and prevalence of 
extra-abdominal disease.

Conclusion
Repeat CRS and HIPEC for CRPM offers a survival ben-
efit in well selected patients, particularly in the absence 
of effective alternative treatment options. Perioperative 

morbidity and mortality rates are acceptable, and com-
parable to initial CRS procedures. The literature consists 
of small retrospective cohorts, hence further prospective 
studies would be valuable, including a focus on quality of 
life metrics which may provide a novel patient-centred 
perspective.
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